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The phenomenon of stimulation and response has been studied in a wide range
of biological systems by a considerable number of investigators. Because of the

many advantages of marine egg material, numerous workers have devoted their

efforts to an examination of stimulation or activation 3 as it occurs in this material.

These workers have believed that the phenomenon of stimulation and response is

based on a fundamental cellular mechanism, the response to which, in eggs, is

manifested by the initiation of some aspect of development. Some have limited

their investigations to the maturation process, or more strictly the breakdown of

the germinal vesicle nucleus, since they reasoned that this response was not com-

plicated by as many factors as is cleavage.
The investigations reported here were concerned with nuclear breakdown in

the immature eggs of the annelid Chaetopterus pergamentaceus. This material is

especially favorable for study because of a number of characteristics not present
in other available forms. For one thing, 100% of the eggs will show nuclear break-

down in a large majority of the worms, thereby insuring rather good reproducibility
of results. Furthermore, nuclear breakdown occurs spontaneously in sea water,

eliminating the necessity of artificial activation. These factors were in addition

to the advantages existing also in other material such as an easily detectable

response and a short time period between stimulation and response.
Until 1950 only one paper, that of Allyn (1912), had appeared in which an

attempt was made to explain, by experimental procedures, nuclear breakdown
in Chaetopterus eggs. However, some work has been done on eggs of other

forms. This earlier research on the process of nuclear breakdown includes the

investigation of the effects of pH and ions on Pomatocerus eggs by Horstadius

(1923) ; a considerable amount of work, mostly concerned with effects of salts, by
Dalcq (1928) and Pasteels (1935) on a variety of forms ; experiments by Heilbrunn
and Wilbur (1937) on the role of calcium ions in the initiation of nuclear break-
down in Nereis eggs; some work by Scheer and Scheer (1947) on the effects of

1 This paper represents a part of a dissertation in Zoology presented to the faculty of the
Graduate School of the University of Pennsylvania in partial fulfillment of the requirements for
the degree of Doctor of Philosophy. Part of this investigation was supported by a research

grant from the National Cancer Institute, National Institutes of Health, Public Health Service,
administered by Dr. L. V. Heilbrunn.
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In order to avoid any possible confusion with specific embryological terms, activation is

defined here as any response to stimulation (either in egg cells or in other types of living cells).
In this instance, it is the initiation of the cellular activity leading to nuclear breakdown.
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drugs and ions in the activation of Urechis eggs ;
and some investigations by LeFevre

(1945) concerning the effects of picric acid on the activation of Nereis eggs. There

exists, of course, a much larger literature on fertilization and artificial partheno-

genesis, phenomena which are related in terms of activation to the process of

nuclear breakdown in oocytes. The above mentioned papers, -as well as reviews

by Lillie (1941), Tyler (1941), Runnstrom (1949), Danielli (1951), and Heil-

brunn (1952), may be consulted for a more extensive bibliography on the various

aspects of activation in general.

So long as the eggs of Chaetopterus are retained within the parapodia of the

worm their large (germinal vesicle) nuclei remain intact. This is apparent from

the fact that if the eggs are examined within the first 5 minutes after they are shed,

the large nucleus with its membrane can be seen in 100% of the eggs. Within 7

or 8 minutes after the eggs reach sea water, the nuclear membrane disintegrates and

some of the nuclear material migrates to the periphery of the egg where the

metaphase spindle of the first maturation division is formed. It has been the aim of

this research (some of which is reported here) to answer, in physical and chemical

terms, three questions relating to the phenomenon of nuclear breakdown as it

occurs in the immature Chaetopterus egg.

Since the stimulus for the breakdown of the nucleus occurs as a result of the

release of the egg from the animal into sea water, the first question posed was

is the initial activation a result of a direct external stimulus or is it a result of a

release from an inhibition? As noted earlier in a preliminary note (Goldstein,

1950), the activation is apparently produced by the release of the egg from an

inhibitory environment. This conclusion was based on the observations that nuclear

breakdown would occur in the presence of any one of the four common cations

(Na, K, Ca, and Mg), in the presence of any of several anions (Cl, NO
:j , HCCX,

and Br), in sucrose solutions, in hypertonic and hypotonic sea water, at any pH
between 3.5 and 9.0, and in the absence of oxygen. Thus, it was concluded that

no factor in the sea water is responsible for the stimulus, but rather that activation

results from a release from an inhibition. This view agrees with the opinion of

Allyn (1912) and the results obtained by Scott and LeBaron (1950). The fore-

going information led to the formulation of the second question, namely, what is

the nature of the inhibitor present in the ovarian environment ? Though a sub-

stantial amount of work has been done, most of the data concerning the inhibitor

have been negative. At this time it is possible to say with assurance only that the

inhibitor is heat labile and of a small enough molecular size to be dialyzable. (In
a previous report (1950) it was stated that CO, might possibly be at least partially

responsible for the inhibition. More recent and more extensive examination has

indicated that this position is no longer tenable.) The third question is the one
with which this paper is primarily concerned : What is the intracellular mechanism
that produces the nuclear breakdown?

As a result of some early experiments, which revealed that calcium played an
essential role in the activation process (rf. Goldstein, 1950), I was prompted to

employ the colloid chemical theory of stimulation of Heilbrunn (1952) as a

working basis for experimental design. This theory states, in part, that any
stimulus applied to the cell will release calcium ions from a bound state, and that the

calcium ions will then react with the protoplasmic colloids to produce the specific
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cellular response. This view holds, moreover, that the mechanism is analogous

to that involved in the clotting of blood. The approach employed here was that

of "dissecting" the mechanism in such a manner that each individual step might
be examined separately, following to some extent the approach used in in-

terpreting the steps in blood clotting reactions.

I am grateful to Dr. L. V. Heilbrunn for suggesting this problem and for his

willing encouragement, help and interest during the course of the work.

MATERIAL ANDMETHODS

Male and female Chaetopterus worms, obtained from the Woods Hole, Mass.,

area, were kept in separate fingerbowls under running sea water. Worms kept in

this fashion did not often shed gametes in the laboratory and could frequently be

maintained in good condition for as long as two or three weeks. Eggs and sperm
were obtained by cutting as many posterior parapodia from the worm as would

supply sufficient material for a particular experiment, and then the parapodia were

cut open (into the appropriate solution) to release the gametes. In those instances

where the eggs were shed directly into solutions other than normal sea water, the

worms were first rinsed with distilled water and dried externally with filter paper
in order to prevent contamination with substances in the sea water. In order to

be able to carry out certain experimental procedures within two minutes after the

eggs were shed, some preliminary screening was carried out. As a result, a few
deviations from the commonly accepted handling of Chaetopterus eggs were em-

ployed. Thus, it was determined that straining and washing of the eggs were

ordinarily unnecessary for normal nuclear breakdown, once the parapodia were
cut open in sea water. (Usually between 10 and 20 parapodia were cut into a dish

containing 15-20 ml. of solution.) The processes under study were apparently
unaffected by any extraneous material from the worm. Furthermore, it has also

been observed that virtually no degree of crowding of the eggs would affect the

progress of nuclear breakdown.
Two criteria for determining normality of the eggs were used. First, the eggs

shed into sea water were expected to yield nuclear breakdown in 100 of 100 eggs.
This expectation was realized in 90-98% of the worms. The second criterion,

generally observed, was that nuclear breakdown would occur within 7 or 8 minutes
after the eggs were placed in sea water. Counts were made of at least 100 eggs
from a dish, except in experiments where it was necessary to make rapid counts, in

which case only 50 eggs were counted. In all the work reported here the data were
of such a nature as to warrant no further statistical treatment. To examine and
count the eggs it was necessary to remove a drop of egg suspension to a slide and
flatten the eggs with a coverslip. This was done in order to determine the presence
or absence of the nucleus (but even without flattening it was often possible to see

the clear polar region of the first maturation metaphase spindle).
In many experiments, though not in all, the normalcy of the eggs before and

after treatment was determined by fertilizing the eggs upon their return to normal
sea water. Fertilization (and subsequent cleavage) was taken as an indication of

viability in a sufficient proportion of the experiments in a series to reveal whether
or not a particular experimental technique involved irreversible damage. Experi-
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merits with various types of inhibitors were considered valid only if the inhibition

were reversible.

In utilizing CO2 the following procedure was employed. The gas was bubbled

into the solution through fine bolting cloth covering the opening of a glass tube

leading from the tank. Since the gas was bubbled through under relatively low

pressures, it was not possible (with the equipment available) to determine ac-

curately the quantities of gas being delivered, and only rough estimates were made.

Indeed, more exact estimates were hardly necessary and, in view of the fact that

the material behaved in consistent fashion, the conclusions drawn from the experi-

ments are believed to be valid.

Measurements of pH were all made with a Beckman pH meter.

In using the hand centrifuge for determinations of the rigidity of the cell cortex,

the technique described by Wilson (1951) was employed.
Sea water modifications were made up according to Table I and were adapted,

with certain alterations, from the analyses provided by Wattenberg (1938).

TABLE I

Sea water modifications
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Eggs were shed into artificial Ca-free sea water, which was somewhat inhibitory

to nuclear breakdown. 4 Two minutes after the eggs were placed in the Ca-free

sea water they were centrifuged at various rates for one minute, removed from the

centrifuge tube, placed on a slide with a coverslip and examined for the presence oi

cortical granules. The absence of granules in the cortical region of the cell is taken

as an indication that the cortex had become less rigid and could no longer resist

the centrifugal forces applied.

Table II shows that the percentage of eggs in which the cortical granules were
moved by centrifugation \vas always in agreement with the percentage of eggs

showing nuclear breakdown as observed at 8 minutes after the eggs were shed.

(The observations on the cortex were made at about 4 minutes after shedding
before the nuclei have broken down.) Further evidence was offered by the fact

that if the eggs were centrifuged following nuclear breakdown, the eggs which
retained intact nuclei always had a more rigid cortex. This alone, however, could

not be considered seriously as proof of a correlation between cortical change and
nuclear breakdown since it was impossible to control for the presence or absence

of the nucleus and its effect on cortical rigidity. Therefore, the experiments de-

TABLE II

Nuclear breakdown and cortical rigidity

%eggs with cortical %eggs showing
granules moved at nuclear breakdown Centrifugal force

2-3 minutes at 8 minutes in gravities

28 25 4150
42 40 9340
10 9 2335

10 11 2335

scribed in Table II in which all the eggs had intact nuclei at 2-4 minutes were

regarded as significant and indicated that those eggs in which the nucleus was
destined to break down had a less rigid cortex.

A liquefaction of the protoplasmic cortex following the fertilization of Chaetop-
terus eggs has been reported by Wilson (1951). Moser (1939) has also described

cortical changes following stimulation of Arbacia eggs. Wilson and Heilbrunn

(1952) have interpreted these cortical changes to be a reflection of the release of

calcium ions from binding to the cortical proteins and this, of course, would alter the

consistency of the protoplasmic gel there. In this study it appears that the lique-

faction of the cortex occurs as a necessary prelude to nuclear breakdown and the next

sections will show what role calcium plays in the process.

Role of calcium

That calcium plays a significant role in the activation of eggs has been shown by
a considerable amount of work. Perhaps the most important was the contribution

4 This solution was made up as follows : 94 gms. NaCl, 20 gms. MgCU, 15.7 gms. Na2 SC>4,

2.7 gms. KG, 0.77 gm. NaHCOs, 0.1 gm. H,BO<. and 3983 gms. H2 O. Eggs shed into this

solution produced only about 10-40% nuclear breakdown. These intermediate numbers (rather
than 0% or 100%) permitted a basis for comparing the frequency of cortical change with the

frequency of nuclear breakdown. The inhibition was reversible, and so the solution proved to

be a useful tool in this instance.
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of Heilbrunn and Wilbur (1937). They demonstrated that the artificial induction

of nuclear breakdown in Nereis eggs by ultraviolet light, NaCl or KC1 was de-

pendent on the presence of ionic calcium in the cell. If the eggs were placed in so-

dium citrate solutions, nuclear breakdown would not occur, citrate presumably mak-

ing calcium unavailable for cellular activity. Repetition and extension of this

work with Chaetopterus eggs was felt to be in order, since with this material

no artificial measures are necessary for activation and, possibly, a different type
of mechanism is at work.

Eggs were shed directly into a citrate solution (see Methods). This solution

inhibited nuclear breakdown in ca. 90% of the eggs. If, 6 or 7 minutes after

shedding into citrate, some of the eggs were placed in normal sea water and some
were placed in Ca- and Mg-free sea water (see Table I), nuclear breakdown oc-

curred in 100% of the eggs in normal sea water while a substantial percentage of

those eggs in Ca- and Mg-free sea water was inhibited (see Table III).
These results suggested, of course, that divalent cations were necessary within

the egg for activation to occur. When, however, the experiment was repeated, this

TABLE III

Experiments indicating a requirement for divalent cations (Ca and Mg)

Eggs shed directly into
normal sea water
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TABLE IV

Experiments indicating a requirement for calcium ions

Eggs shed directly into
normal sea water
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citrate solution, and then, after 8-10 minutes in one of these solutions, were removed

to the other inhibiting solution. Examination showed that nuclear breakdown would

be prevented no matter in what sequence the inhibitors were applied. These facts

in themselves give virtually no insight into the mechanism of activation, though the

information obtained was useful for later interpretations.

A further series of seven experiments proved to be more revealing. If the eggs

were shed initially either into 0.53 MNaCl (non-inhibitory) or into normal sea

water, allowed to remain for three minutes (at 21 C.) and then removed either

to normal sea water saturated with CO2 or to a citrate solution, nuclear breakdown

was inhibited only in those eggs in CO2 -saturated sea water.

The results of these experiments suggested a tentative hypothesis which was

substantially confirmed and elaborated by later experiments. The data suggest

that calcium must perform its (yet to be described) function during the first three

minutes after the initial stimulus and that after this function is fulfilled, calcium is

no longer needed since citrate can no longer inhibit. Allen (personal communi-

cation) has also shown, in Spisula eggs, that the activation process is sensitive to the

lack of calcium during the first four or five minutes after the stimulus is applied.

The inhibition by CO2 , both by immediate immersion and immersion after three

minutes, presented a more puzzling problem though not an insoluble one. The
immediate inhibition can be explained in at least two ways. CO2 could either

inhibit the release of calcium from binding (possibly in the cortex) or it might pre-

vent calcium from performing any function once it had been released. (It is

doubtful that CO2 inhibits calcium release. In fact, later data indicate just the op-

posite that CO2 produces a release of calcium from binding with protein, for it is

expected that in the presence of a sufficient concentration of CO2 the protein in-

volved is on the acid side of its isoelectric point and is probably no longer capable
of binding cations.) Furthermore, CO2 would appear to inhibit some step in the

process that follows both calcium release and the immediate effect that such released

calcium produces. This is evident from the fact that calcium apparently completes
its function during the first three minutes following the initial stimulus and yet
CO2 is still capable of inhibiting after this time. (These relationships will be more

clearly demonstrated by the evidence presented in the next section.) The release of

calcium that has been mentioned has not been demonstrated directly for the Chaetop-
terus egg, though it has been shown for other forms (Mazia, 1937 and Orstrom and

Orstrom, 1942) . The evidence for the existence of this phenomenon in Chaetopterus
eggs has been shown indirectly by Wilson and Heilbrunn (1952) and is suggested
here by the time relationships of cortical liquefaction (at about two minutes after

the eggs have been shed) and the functioning of calcium (at about three minutes
after the eggs have been shed).

After the above experiments were performed, a serious criticism came to mind.
If there were a significant difference in the rate of penetration of citrate and CO,
into the cells, many of the conclusions based on the data (regarding time of action)
from this entire section would not be valid. For example, the fact that CO, could

inhibit nuclear breakdown following three minutes immersion in sea water, while

citrate could not, might be a result of the ability of CO, to penetrate more rapidly
and thus affect a reaction that was still sensitive

;
whereas if the citrate were slower

in entering the cell, the reaction might be complete before citrate could be effective.
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Fortunately, however, later experiments (see next section) indicate that the gen-

eral conclusions are substantially correct.

Evidence for the existence of a calcium-activated component

In the previous section, the suggestion was made that after calcium is released

from the cortex and during the first three minutes after the eggs leave the ovary,

some factor or system not well defined was acted upon (or activated) by calcium.

This view was based on some indirect evidence. However, as was intimated,

some much more conclusive data are available to establish the fact that calcium ac-

tivates another component.
The experiments to be described were made feasible by an earlier observation

that if the eggs were shed into a solution of 0.53 MNaCl saturated with CCX, not

only would nuclear breakdown be inhibited but if the eggs were left in the solution

long enough, the calcium of the eggs would leak out. Presumably CO2 caused

calcium to be released from binding with protein, and calcium ions were then able

to diffuse out of the cell to a region of lower concentration, there being none in the

external medium.

(Examination of Figure 1 will be helpful in understanding the description of the

experiments to follow.) Two parallel series of experiments were run. In the

first, eggs were shed directly into CO2 -saturated 0.53 MNaCl and allowed to re-

main in that solution for 12 minutes, during which time nuclear breakdown was
inhibited and presumably the calcium of the eggs diffused out into the environment.

After 12 minutes some of the eggs were transferred to 0.53 MNaCl (dish A in Fig.

1) and some other eggs were transferred to a solution made up of 7 parts of 0.53

MNaCl and 3 parts of 0.30 MCaCL (dish B). If the idea presented above is cor-

rect, then nuclear breakdown could not occur in dish A calcium having been lost

before activation was effected. On the other hand, nuclear breakdown would be

expected to occur in dish B since calcium was returned to the cell and again made
available for activation. In the parallel experiment, eggs were shed directly into

0.53 M NaCl and allowed to remain in that solution for three minutes, during
which time calcium would be released and functioning. After three minutes the

eggs were placed in CO2 -saturated 0.53 MNaCl, as in the above experiment, and
nuclear breakdown was inhibited during the time that the eggs remained in that

solution. The eggs were left in this latter solution for 12 minutes, during which

time, again, the calcium should have leaked out of the cells. At the end of the 12-

minute period some of the eggs were placed in 0.53 MNaCl (dish C) and other

eggs were placed in a solution composed of 7 parts of 0.53 MNaCl and 3 parts of

0.30 MCaCL (dish D). According to the hypothesis, nuclear breakdown is ex-

pected to occur in both latter instances with calcium present or not, since calcium

activation should have occurred during the first three minutes in 0.53 -M NaCl.

Therefore, it is expected that nuclear breakdown would result in both dishes C and
D. The predictions for dishes A, B, C, and D were realized. In a typical experi-
ment (in all, four experiments were performed) the following results were obtained :

Dish %nuclear breakdown

A 22

B 98
C 93
D 88
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The critical feature to note is the difference between A and C, though both were de-

void of calcium. This evidence is considered as demonstrating that calcium partici-

pates in the activation of some component during the first three minutes following
the release of the egg from the ovary, and that this calcium-activated factor no longer

requires the presence of calcium as it acts more directly on the nucleus. (The

process is in this way analogous to the activation of prothrombin to thrombin in

blood clotting a reaction which is also dependent on the presence of calcium.

Also, as in the cellular process above, following the activation of thrombin, calcium

EXPECTATION

INHIBITION

ACTIVATION

8 MINUTES

ACTIVATION

FIGURE 1.

ACTIVATION

Experiment showing the existence of a calcium-activated component.
See text for experimental details.

may be removed from the medium without inhibiting the subsequent reactions in

the clotting process.)

It can be seen that calcium functions at approximately the same time, or shortly

after, the cortex loses its rigidity. This evidence suggests that the two phenomena
are closely associated and that, presumably, calcium is released from binding in the

protoplasmic cortex resulting in the loss of rigidity. Admittedly, it is impossible
to state unequivocally that the released calcium is responsible for the activation re-

sulting in the breakdown of the nucleus, since it is possible that the amount of free

calcium ions present before stimulation was adequate for nuclear breakdown to have
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occurred. However, there is probably very little free calcium present in the unac-

tivated egg protoplasm. This is certainly true for the sea urchin egg ( Mazia, 1937) .

Nature of the calcium-activated component

Since the calcium-activated factor may be acting directly upon the nuclear mem-

brane, which is presumably protein or lipoprotein in character, at least three pos-
sibilities as to the nature of the factor were envisioned. ( 1

) Conceivably the acti-

vated factor could be acting as a reducing agent to convert S-S linkages to -SH
radicals in the protein, thereby leading to a dissolution of the architecture of the

membrane. Experiments utilizing -SH and S-S compounds, as well as reagents

affecting these groups, established that this probably could not be the mechanism

operating. Several reagents were used but most of the experiments were performed
with glutathione, cystine and p-chloromercuribenzoic acid, none of which behaved as

would be expected from the above hypothesis. (2) It is possible, assuming the

presence of lipid in the membrane, that a lipase digests part of the structure and
thus breakdown of the nucleus results. This possibility has not been tested. (3)
The most appealing hypothesis appears to be that the calcium-activated factor is

a proteolytic enzyme.
The foundations for the third view are as follows :

(a) Calcium is known to activate, or participate in the activation of, some pro-
teases. (However, this also applies to some other enzymes, including lipases.)

(b) The nuclear membrane is probably mostly protein and appears to be dis-

solved during maturation.

(c) Yamane (1930) has reported some experiments which suggest a protease

participation in some phase of the maturation mitosis of mammalian ova. Bonus

Jensen (1948) and others have also described a certain degree of "nuclear activa-

tion" of sea urchin eggs by commercial trypsin.
a. Behavior of trypsin
In order to ascertain if a proteolytic enzyme is capable of producing nuclear

breakdown, experiments were carried out utilizing crystalline trypsin ( obtained

from Worthington Biochemical Laboratory).

( 1 ) Eggs were shed directly into a citrate solution in order to remove the cal-

cium from the cells. After 8 minutes in that solution, some of the eggs were placed
in a 0.02% trypsin solution made up in Ca-free sea water, and some eggs were placed
in Ca-free sea water without trypsin. The first four items in Table VI show the

results of this type of experiment. In every case, though nuclear breakdown took
as long as 20-25 mintues for some eggs as compared to the normal time of 7-8 min-

utes, the eggs which were placed in the trypsin solution gave a substantially higher

percentage of nuclear breakdown though no significant amount of calcium was

present in the eggs.

(2) As a check against any possible contamination of the trypsin preparation,
another set of experiments was performed in which a trypsin inhibitor was used,

la these experiments, following the immersion in citrate for 8 minutes, some of the

eggs were transferred to Ca-free sea water, some of the eggs were transferred to

0.03% trypsin in Ca-free sea water, and some were placed in 0.03% trypsin in Ca-
free sea water to which was added crystalline soybean trypsin inhibitor (obtained
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from Worthington Biochemical Laboratory) to make a 0.03% concentration of

that substance. The results of this experiment are shown in the last four items in

Table VI. It can be seen, from the figures in the right hand column, that the

inhibitor completely blocked the action of trypsin in producing nuclear breakdown.

Apparently, then, it was the action of the enzyme itself which was responsible for

the breakdown of the nucleus.

(3) Since trypsin is a fairly large molecule, there was some doubt as to whether

the enzyme was actually entering the cell. Possibly trypsin was simply acting on

the surface to activate, or release, some factor which would act more directly on the

nuclear membrane. To determine if trypsin actually penetrates into the cell,

trypsin solutions were made up in acid Ca-free sea water (pH 3.5-4.0) and then

tested. Following the same procedures as in (1) above, three experiments showed

that eggs placed in trypsin in acid media produced substantially as high a percentage

TABLE VI

Effect of trypsin on nuclear breakdown
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portion was frozen immediately in a bath of solid CO2 and methyl Cellosolve (at ca.

75 C.). The eggs in the other fraction were centrifuged and re-suspended in

15 ml. of normal sea water and allowed to stand for another 8 minutes, after which

time (about 14 minutes after the initial shedding) that suspension was also frozen.

The two preparations were then dehydrated by freeze-drying. The dried prepara-
tions were re-suspended in 5 ml. of distilled water each and allowed to stand for two
hours in a refrigerator at 6 C. After two hours in the refrigerator, the suspen-
sions were centrifuged and the supernatants saved.

The two supernatants were then tested for proteolytic activity by the method of

Anson (1938). Four minutes after the Folin-Ciocalteau color reagent was added,

the optical density, at 700 m//,, was determined with a Coleman spectrophotometer.
The results of two experiments are given below ; data are expressed in arbitrary

units :

Experiment I
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It has been difficult, thus far, to obtain a suitable extract of the eggs within the

first minute after shedding. This is regrettable, since the theory holds that the

eggs should have little or no proteolytic activity before calcium activation has oc-

curred and it would be desirable to test this. Nevertheless, if we assume that the

calcium-activated factor behaves as postulated here, it would not be conclusive proof

that this was the system leading to nuclear breakdown in the cell. Direct proof

would come from a demonstration that the isolated factor could act on its "natural"

substrate namely, the isolated nuclei. The few experiments that have been per-

formed with this in mind have yielded no information since it has been impossible, as

yet, to isolate the nuclei in any condition approaching a reasonably normal physio-

logical state.

CONCLUSIONS

From the evidence presented here, the following conclusions have been provision-

ally drawn regarding the process of activation and nuclear breakdown in the Chae-

topterus egg:
1. Within the animal the eggs are "primed" for activation, but some inhibitor is

present in the ovarian environment which presumably blocks the release of calcium

from the protoplasmic cortex.

2. Following the liberation of the eggs from the animal, calcium ions are released

probably from binding with protein or lipoprotein in the cortex of the cell.

3. Within three minutes after the initial stimulus the free calcium ions activate

a system, which is thought to involve a proteolytic enzyme.
4. This activated system then acts directly on the nucleus and produces a dissolu-

tion of the nuclear membrane.

5. Immediately following nuclear breakdown some protective mechanism comes
into play to prevent excess autolysis of the cell, and probably to allow the cyclic

events of mitosis to continue.

The above ideas probably represent the simplest possible mechanism that could

be operating.

Two critical problems deserve the earliest consideration. First, it is desirable

to achieve a better characterization of the calcium-activated system. Second, a

verification of the hypothesis requires that we determine whether or not the isolated

system will act on isolated nuclei.

SUMMARY

1. A study has been made of activation and nuclear breakdown in Chaetopterus
eggs in an effort to elucidate the various steps in the response mechanism.

2. Within two minutes after the immature egg is stimulated there is a liquefac-
tion of the protoplasmic cortex, which occurs as a prelude to the breakdown of the
nucleus. The cortical change appears to be associated with a release of calcium ions
from that region.

3. Within three minutes after the initial stimulus calcium ions activate a system
which acts more directly on the nucleus and which, having once been activated, no
longer requires the presence of calcium ions.
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4. It was postulated that the system activated by calcium involved a proteolytic

enzyme. To test this possibility experiments were run utilizing crystalline trypsin.

It was found that trypsin could produce nuclear breakdown in the absence of cal-

cium and that this activity was completely blocked by soybean trypsin inhibitor.

Furthermore, when eggs were placed in trypsin solutions made up in acid media

(pH 3.5-4.0). nuclear breakdown still occurred, indicating that the enzyme was

penetrating into the interior of the cell.

5. Preliminary experiments suggest that there is a protease in the eggs which

behaves as predicted. In addition, it appears that once nuclear breakdown is ef-

fected, some mechanism conies into play to block further action of the enzyme.
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